[ ]

NACA TN No. 1496

R Ay

24 DEC 1947

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE

INVESTIGATION OF THE FUSELAGE INTERFERENCE ON A DITOT-STATIC
TUBE EXTENDING FORWARD FROM THE NOSE OF THE FUSELAGE
By William Letko

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

S

. Washington
December 1947

N A CA LIBKAKY
LANGLEY MEMORIAL AERONAUTICAL
LABORATORY
Langley Fleid, Va.




NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1496

INVESTIGATION OF THE FUSELAGE INTERFERENCE ON A PITOT-STATIC
TUBE EXTENDING FORWARD FROM THE NOSE OF THE FUSELAGE Sp—

By William Tetko
SUMMARY

An Investigation was made to determine the interference effects
of three fuselages on the readings of a pitot-static tube extending
various distances Fforward from the noses of the fuselages. The
fuselages used in the investigation were bodies of revolution with
maximum dlameters equal to 12 percent of the fuselags length and
with circulsr-nose, elliptical-nose, and pointed-nose shapes,

The results of the tests showed that, at 1 fuselage diameter

from the nose, the error in static pressure wes only aboutb l% percent

of the impact pressure for the pointed-nose body, about 5 percent of
the impact pressure for the elllptical~noge body, and about 10 percent
of the impact pressure Ffor the cilrcular-nose body for zero angle

of attack of the bodies. As the angle of attack was increased, the

- Interference effect on static pressure decreased.

Comparison of experimental results at zero angle of attack
with calculated results lndicates that the fuselage interference
effect on the pitot-static-tube reading can be calculated with
good accuracy for simple bodiles of revoluticn at zero sngle of attack.

INTRODUCTION

The cholce of a suitable location for the pitot-static tube
uged to measure alrspeed and sltitude is important in the design of
any alrplane but is especlally important for experimental airplanes
dealigned to fly at very high speeds. 'For supersonic speeds, an
arrangement is necessary in which the plitot-static tube extends
forward of any part of the aslrplane in order to obtain complete
- absence of interference from parts ahead. of the tube. For most Jet
airplanes, and especially those with sweptback wings, the only
practical loeation is one in which the tube extends forward from
the nose. A%t subsonic speeds, however, the readings glven by such
an arrangement of the pitot-gtatlc tube are affected by interference,
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particularly from the airplane fuselage. Since very little data are
avallable for such a pitot~static tube location, the present- investi-
gatlon Was undertakan.

In the present Invesiigation the interference that exlsts at
various distances ahead of bodies of revolution having different
nose shapes was determined experimentally at low speeds. The
experimental results at zero angle of attack are compared with results
calculated from theory in order to determine the reliability of the
theory when applied to bodiés of the type considered.

SYMBOLS

x +  distance: along axis of symmetry from noge of body'to
: tube static orifices :
D - " fuselage diameter S e

angle of attack of pitotestatic tube ahd fuselage

M - Mach number

dc - fTree-gtream impact pressure

deg ‘impact pressure measured by pitot-static tube at zero
angle of attack with no fuseluge attached o

Py static pressure measured by pitot-static tube with no
fuselage attached . -

Po - - -static pressiire measured by pltot-static tube when
mounted ahead of fuselage

H total head of free stream B

Ap error In static pressure regsulting from fuselaga
interference (‘(Pl - pj)

APPARATUS AND TESTS

_ The tests were made in the 6~ by 6+foot test section of the-
Langley stdbility tunnel. The basic fuselage uged in these tests
was a body of revolution formed by revolving a clrcular arc about.
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the chord. Two modified nose shapes, circular and elllptical, were
fitted over the nose of the originsl fuselage. All the fuselages
tested were of the some length and had a moximim diameter equal

to 12 percent of their length. ~Photecgraphs of these fusselages -
mounted in the tumnel are presented as flgure 1. ' Detailed drawings
of these fuselages are -glven in figure 2. Hach nose had a clrcular
hole along the axis .of symmetry for mounting the pitot-static: tube
with provisions for changlng the distance of nhe _tube static orifices
wlth respect to the nome.

Two tubes were used in the testat! one a pltot-static tube of
%-inch outside diameter with the static openings about 3-tube
diameters behind the nose and the other a static tube of %-inch

outside diameter with the static orifice about lO%etube diameters
o -

behind the nose. DIetalled drawings of these tubes are given in
figUI‘SB. - ' N . . . [,

Measurements were made for each fuselage with the %-inch pitob-

stetic tube with and without fuselage at various angles of attack
and impact pressures. Tests were made at zero angls of =ttack with ™
an impact pressure of a gproximately 65 pounds per square foot and
at O° 10O 20°, and 30° angles of attack with an lmpact pressure
of approximately 40 pounds per square Ffoot. For the clrcular-nose
fuselage, additional tests were made at impact pressures of 25 _ '
and 16 pounds per square foot for zero angle of attack.

The %-inﬂh static tube was used to obtain melsurements ahe:d of

3 Suin

the circular-nose shape for comparison with the é-inch pltot-statlic~

tube measurements at zero angle of &ut&Ck and at an impact pressure

‘of 40 pounds per square foot.

The approximate alrspeeds corresponding to the various test
impact pressures are ag follows:

Free-ztream Adrs eed
impect pressure ( E)
(1b/sq Tt) P
65 . 162
40 127
25 100
16 . ~80 -
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RESULTS AND DISCUSSION

For most airplane installations, total head is obtained with
very little error throughout a relatively wide range of angle of
atteck. Since the static pressure registered by e tube ordinarily
differs appreciably from true static pressure throughout the angle-
of -attack range, all the data presented on interference effects are
therefore concerned with the veristion of static pressure alkead of
the fuselsge.

Interference at Zero Angle of Attack

Figure L presents the error in static pressure as & fraction of

impact pressure EE_ plotted against distance of the tube static
Co

orifices ahead of the nose x/D for the three fuselagss at zero

angle of atteck. The circular-nose fuselage, as wes expected, had

the greatest interference effect and the pointed-noso fuselage had

the least.

The decrease of the error with increase oi' distance of the static
orifices from the nose is similar to that obtained for a body of
revolution as reported in references 1 and 2. At 1 fuselage dismeter
from the nose, the error in static pressure is only about l; percent

of the impact pressure for the pointed-nose body, about 5 percent of
the impact pressure for the elliptical-nose bedy, and about 10 per-
cent of the impact pressure for the circular-nose body.

In order to check the reliabllity of exilsting theoretical methods
for calculating the interference effsct of a fuselage, the experimental
results presented herein for zero angle of sttack were compared with
the theoreticel resultes obteined by the method described in reference-3.
This theoreticel method is based on a representation of the body by a
stepwise distribution of sources and sinks aslong the sxis. The body
shapes corresponding to the essumed distributions are shown by dashed
lines in figure 2 and are compared with the actual fuselage bodles.
The actual body shapes are generally epproximated guite accurately
by those shapes obtained from the calculations. The discrepancy ~
between the calculated end the actual body shapes is greatest for the
circular-nose body; however, closer agreement might be obtalned by
changing from a stepwise distribution of sources and sinks to a ,
continuous distribution along the axis. The discrepancy between the
calculated and the actual body shapes of tho elliptical nose probably
had a negligible effect on the calculated Interferemnce, but the shape
could have been calculated with higher accurecy by adding another
source line closer to the nose than the source line assumed in the
calculations. The source and sink distributions aessumed for the
representation of the pointed nose body resulbed in almost no error
in the shape of the body.

v
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The comparison of the calculated interference effect with
experimental results obtained at zero angle of attack is shown in
figure 4. ~This comparison shows that the theorstical results are
in good agreemont with the experimental data. For the elliptical-
noge and pointed-nose hodles , the calculated interference effects
were found to be somevhat higher than the experimental values.
Inasmuch as theee Ttodies were almost exuctly simulated by the -
agssumed source and siuk representustions (Pig. 2), the theory appeared
to slightly overestimate the interference effect. In the case of
the circular nose, figure 4 shows that thes theory unéerestimates
the interference, ef“‘ects. These lower caleculated values are
probably caused 'by the fact that the assumed source distributions
resulted in o nose more pointed than the circular nose tested. -
(See fig. 2.)

The theoretical method of reference 3, -which is for incompressible
flow, may be applied to calculate the fuselage interference effects
for compressible flow at subsonic speeds by use of the affine
transformation gilven in reference 4. A rule for moking such L
computations nay be stated ag follows: : R _— "‘"

The streamline field of o compressible flow for a glven body
at a subsonic stream Mach nvmber M, may be calculated approximately

1
b tipl, + - : & —_—— a
¥y miltiplying the given x-dimensions by the fagtor . \/3._-_M‘2— an

then by calculating the flow sbout this resulting transformed body
in incompressible flow. The pressure and velocity incremen’cs for
the given body at the Mach number M can then be obtained by
miltiplying the calculated pressure and. veloclity increments for the
incompressible flow at corresponding points of the transformed body

by the factor J‘. TAUU- Ce tad ”u_up E /rru,.é. ‘rdfov caleam ~

l ..
_ Effect of Angla of Attac .
Ll , ._:.x.-«z.wu_ ~ SN - e &% w- { ﬁ1
Figure 5 shows t t, for thé arrengement tested, the fusela.ge FEL

interference effect on the static pressure d.ecreases as the angle L
cfattack is increased. Vhen considering the effect of angle of - e
attdck on the pitot-atatic-tube readings, it imst be remeribered
that the actual angle at the tube is the sum of the geometric angle
and the a.nz,le induced 'by the body. When measurementis are made with
the tube albne, the sngle of attack is essentlally the geometric angle.
With the body added, however, the effective angle is the geometric
angle plus the inc’.uced. angle. TInasmich as the magnitude of the .
“induced esngle 1s unknown, the resulits presented in figure 5 represent
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the difference between the statlc pressure readings with and without
the fuselage in place at the same geemetric angle of attack.

Because of the difference in cengitivity of verious tubes to
angle of attack, the error resulting from the induced angle would
differ for different tubes. The results shown in figure 5 are
only appliceble, therefore, to the tube used in this investigation.
The results in'figure 5, however, may be uded to obtain an indication
of the fuselage interference effect on static pressure at cifferent
positions ahead Jf the bodies for different angles of attack.

Figure 6 shows the variation of the static pressure measured wlth

the-%"inoh pitot-static‘tube, withaub.the,fuselagé, with angle
of attack. -

Effect of Free-Stream Impact Pressure

In figure 7, data are presented for the circular-nose fuselage
at zero angle of attack for several free—stream impact
pressures. The effect on Interference when the impact pressure
is varied over the test range is seen te be small, except for

positions close to the nose. B} . AR

Effect of Tube Diameter

In order to determine the effect of the size of the pitot-static
tube relative to the diameter of the fuselage, tests were made with

the-%-inch-diametar static_tube und compered with the-%-inch-diameter
pitot-gtatic tube which was used for the tests d@scribe& previously.

1 : .
The size of the g-inch-diameter gtatic tube relative to the dlameter
of the fuselage tested closely simulates the size of a full-scale

pitot-static tube relative to the diameter of the fuselage of a
full-scale ailrplane.

A comparison of the measurements of the interference effects on
static pressure as determined by the different-size tubes for the
circular-nose fuselage at zero angle of attack is shown in filgure 8.
This figure shows that for the tube sizes considered, the readings
are affected only for positions of the static orifices near the nese
of the body. Becuzuse of their different dlameters, the tubes

measure the pressure at different distances Ffrom the axis of symmetry}

therefore, the aforementiored discrepancy in readings Probably was
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caused by the radial gradient in statlc pressure that exlsts near
the nose of the body. Moving the orifices approximately C.25 dlameter

from the nose causes the readings of both tubes to be nearly coincident.

CONCLUSIONS

Tests were made with bodies of revolution having meximm diameters
equel to 12 percent of the bedy length to determine the interference
effect of fuselages on the static pressure readings of a pitot-static
tube extending various distances shead of the fuselages. The results
indicate that, at 1 fuselage diameter from the nose, the error in

statio pressure was only aboub l%-percent of the impact pressure for

the pointed-nose body, aboubt 5 percent of the impact pressure for the
elliptical-nose body, and about 10 percent of the impact pressure for
the circular-nose body for zero angle of attack of the bodies.

As the angle of attack of the bodies was incrsased, the interference
effect on static pressure decreased.

Comparison of experimental results at zero angle of attack with
calculated results indicates that the fuselage interference sffect
on the pltot-static-tube reading can be calculated with good accuracy
for simple bodles of revolubtion at zero angle of attack.

Langley Memoriel Aeronesutical Iaboretory
Nationel Advisory Commlttee for Aeroneautics
lengley Field, Va., August 11, 1947 .
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Figure 1.- Photographs of fuselages’ and pitot-static tube mounted in the
" Langley stability tunnel. o

() Pointed-nose fuselage.
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(b) Elliptical-nose fuselage.

Figure 1.- Continued.
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(¢) Circular-nose fuselage.

Figure 1.- Concluded.
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Figure 2.- Details of fuselages used in tests. All dimensions are in inches..
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Figure 3.- Details of tubes used in tests, All dimensions are in inches,
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Figure 4.- Effect of fuselage nose shape on the error in static -
pressure caused by fuselage interference. a = 0°; d. = 65 pounds
per square foot.



18 NACA TN No. 1496

HEEE
é‘ﬁ / EE o FPonted nose
= T
O o= =
g 7 ‘\
A
4p \\ Hiptical nose
% RO
AN
2
NN
/ A \\ —
ANE S
~A_l_ | T e
V7] A
—/ 7 .\
2
6
S Circular nose
g \\ _
Ap £
[ N o
NN (Geg)
FEEERN o0
\ \\Q a /0
ENEREN o
\Q\ 3 \\‘ a 30
y NEANENS!
et/ R === S—— .
7 ==

o 2 4 6 88 Lo L2 4 6. B8 D

/ D NATIONAL ADVISORY
X COMMITTEE FOR AERONAUTICS

Figure 5.- Effect of angle of attack on the error in static pressure

caused by fuselage interference. q. =40 pounds per square foot.
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Figure 7.- Effect of free-stream impact pressure on the error in .
static pressure caused by fuselage interference. Circular-nose -

fuselage; a = Q°, o
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Figure 8.~ Effect of tube diameter on the error in static pressure
caused by fuselage interference. Circular-nose fuselage; a = 0°;
de = 65 pounds per square foot, ,




